graphs, and found them to be closely comparable as far as the ability to distinguish the pathological from the normal was concerned. Fitzpatrick (unpublished communication) has also similarly compared the findings in 500 patients and reports identical interpretations by the two methods. While these records are significant they concern various disorders including relatively gross disease. I do not think they give us the information we really need, however, for we ask of fluorography especially that it shall permit the diagnosis of intrathoracic disease at an early stage. Thus, until a considerable number of cases, for example, of minimal adult type tuberculosis have their routine radiographs and 35 mm. fluorographs interpreted independently, and the results compared, we shall not get a really sound impression of the comparative accuracy of this new method as regards the identification of small but important lesions.
The realization that early adult type pulmonary tuberculosis is commonly symptomless, and the better results obtainable if it is identified and treated at an early stage led to the investigation of the apparently healthy. The extended examination of contacts proved a fruitful source of both new and early cases, and to this in turn were gradually added surveys of groups of the population. The results of typical researches using routine r:adiographv were seen in the reports of Wingfield and MacPherson (1936) in England, and Edwards (1940) for New York City in the U.S.A. The more recent utilization of fluorographv, particularly by the Services, has been widespread over the world.
In the spring of 1940 the Royal Navy instituted this method of investigation under the aegis of the then Medical Director-General, Sir P. Nicholls, following the endeavours of the present Medical Director-General, Sir Sheldon Dudley. It was from the first decided to examine the whole Service. The early results obtained were reported by Dudley at this Society in March 1941 (Proc. R. Soc. Med., 34, 401) , and at the same meeting Fitzpatrick described the technique of examination and working details of his department which he had devised and found to be most suitable. Since then it has been our experience that the methods he originated are, with but slight modification, satisfactory in the other naval establishments which are now at work. Late in 1940 its use was extended under the direction of Gage, Clark and others in London for Norwegian nationals. In 1941 we gladly showed members of the Royal Air Force the technique we had evolved at the first of the Naval bases to use this method. Later in that year fluorography was started by the Royal Air Force, and some of their results have been published by Trail (1942) . I understand that the Army are now beginning on their own account. Finally, the Ministry of Health Proceedings of the Royal bSociety of Medlicine 2 intend to utilize it for the civil population as soon as sufficient apparatus and personnel are available.
An important disadvantage of the procedure is the production of anxiety neurosis in a small proportion of those examined. These cases tend to occur especially among those who are already predisposed to this disorder, and who require protracted investigation. Improvement often results if, during hospital investigation, the whole position is carefully explained to the patient, and probably as the public becomes better educated in regard to pulmonary tuberculosis, and to this type of examination the frequency may decrease. It should also be made plain to the patient that the procedure itself offers nio direct protection from tuberculosis or any other chest disease.
The increasing employment of this method of investigation makes an assessment of its usefulness as a diagnostic measure in diseases of the chest desirable. For this purpose the results obtained by the examination of more than 200,000 members of the Royal Navy seem of value. It is essential to explain that every member of the Royal Navy recurrently passes through certain depots at which facilities for this investigation have been provided, so that the first examination, and also subsequent re-examinations at appropriate intervals of time, are possible not only for the new entry, but for the entire Service. Routine clinical examination is in no way modified. Partly in view of the uncertain limits of accuracy of the method we have, from the beginning, used it essentially as a kind of sieve. Thus, every individual who has any thoracic abnormality whatever revealed by fluorography is submitted to routine radiological examination at which a radiological diagnosis is made. It is within the authority of the radiologist in charge of the department to return to duty without further ado those who at fluorographic examination are normal, and also those whose abnormalitv at the radiological examination is restricted to anatomical variants such as congenital dextrocardia, or to such lesions as calcified primary tuberculous complexes. All those with clinically significant disorders are sent to hospital where they are fully investigated, and the success of the whole survey largely depends upon the efficiencv and accuracy displaved in this phase. Only upon a synthesis of all the findings is a decision as to disposal finally made. Our whole experience of fluorography has confirmed again and again the wisdom of this restriction in its use in diagnosis. The work is carried out at each depot and hospital by a closely linked team of radiologists, clinicians and ancillary staff, and the whole survey is further co-ordinated since the services of a consultant are available. At every stage, including the hospital investigations, a standardized routine has been devised which makes for efficiency and which facilitates both the exact registration of cases, and also the statistical compilation of the results ascertained. In Table I is presented a classification of the abnormalities which were detected at the examination (to July 1942) of 166,598 British males. It wvill be seen that numericallv adult type pulmonary tuberculosis is outstandingly the most important disorder disclosed. Indeed, it is nearly three times as numerous as an abnormality as all the remainder put A -.
-.
Sectiont of Radiology 157 together. In all, 1,370 cases with this lesion were found, i.e. 8-2 per thousand of those examined. Figures have just become available which show that during the third quarter ot 1942 some 50,000 other members of the Navy were examined among which the incidence of pulmonary tuberculosis was very slightly higher.
In order that comparison with radiological and fluorographic surveys in the U.S.A. might be facilitated these cases were classified radiologically into three groups whose limiting criteria have recently been quoted by Crawford (1942) . It is seen that approximately 36% had minimal, 43% moderately advanced, and 21% far advanced adult type pulmonary tuberculosis. A more detailed analysis of our figures shows that the relative incidence of far advanced disease increases, and that of minimal disease decreases with age and duration of service. Long's corresponding figures for the U.S.A. Army were 50%, 43% and 7% respectively, but it must be remembered that they refer almost exclusively to young recruits.
Sixty-nine additional cases with various other tuberculous lesions were also discovered, making a total for tuberculosis in all its forms of 1,439 cases, or 8-6 per thousand examined.
A very considerable number of non-tuberculous intrathoracic disorders were found, in aggregate 474 cases, or 2-8 per thousand examined. The incidence of the individual lesions is of some interest. For example, 22 cases of congenital dextrocardia were encountered, a number which is approximately equivalent to one in each 8,000 of these British males. One bronchial adenoma was encountered and was successfully treated. There were two cases of carcinoma of the bronchus, both of which proved to be inoperable. Not a single example of this disease was disclosed during the third quarter of 1942. Thus, of some 217,000 males surveyed fluorographically, two only were proved to have this disease, and these were in an advanced stage. Although of this total only some 28,000 were over the age of 35, and though slightly less than 3,000 were more than 50 years old, none the less the incidence is so small that it would seem probable that among the apparently healthy fluorography will prove to be of little assistance in the early diagnosis of this most important disorder. On the other hand, bony tumours, parasitic and other cysts, and mediastinal neoplasms of all kinds are demonstrated at an early stage by fluorography with an incidence which would be anticipated from their known frequency of occurrence, and the advantages to the patient of the early application of proper therapy including, of course, thoracic surgery, have already been apparent. The frequency of these various disorders, and the significance of the swift application of proper therapy, make it desirable that a fluorographic survey should not be exclusively, or even for the most part, in the hands of those whose entire concern is the management of cases of pulmonary tuberculosis. Instances of the more chronic forms of pneumonia constituted forty-nine cases and are an important group, for it was anticipated that cases of this type might cause considerable difficulty in diagnosis, especially in relation to pulmonary tuberculosis. This has not proved to be the case, for in the vast majority the distinction was quite simple in hospital. Cardiac disease and bronchiectasis probably figure less often than most of us would expect. However, as regards pathological as distinct from anatomical disorders, the incidence disclosed by this survey is modified both because the method of selection is fluorographical, and because the subjects were apparently fit members of the Royal Navy, in which routine medical examination was always available, and had, in fact, in a high proportion recently been undertaken. In the instances of cardiac disease and bronchiectasis it is well known that a considerable proportion of cases are not disclosed at simple radiological examination; they are similarly not disclosed at fluorography; moreover, most cases of these two disorders which do give radiological evidence of their existence also have significant symptoms and signs which would bring them to the notice of a medical officer, and so exclude them from this investigation. Thus, to figure in this survey not only must the lesion be identifiable at fluorography, but also it must be such that it presents very slight clinical evidence. On the other hand, the application of fluorography to the general population who are not examined medically as a routine, and who often have other reasons for concealing their disabilities may be anticipated to give a rather different incidence in the pathological disorders disclosed. A similar increase with age occurs in the female subjects also examined, and though their total number is not yet sufficiently large to be very significant statistically it is of interest that for every age-group, as for the whole total, the proportions with adult type pulmonary tuberculosis are slightly less than the corresponding figures for males.
The results of the hospital investigation showed that of 8-2 per thousand who were found to have this disorder, 3-3 gave evidence of active disease, and of these 2-2 were producing identifiable tubercle bacilli, i.e. more thani 2500. of the total with radiological evidence of the disease. The absolute and relative numbers of those with active and inactive tuberculosis increase steadily with age, but further analysis shows that the proportion of active to inactive cases is astonishingly constant at all ages-active disease accounting for some 40'S, of the total cases.
Among those who at first examination had apparently inactive pulmonary tuberculosis, a considerable proportion werc discharged to what is called Category " C ". In general these were cases in which we felt some uncertainty as to the inactivity of the lesions. In practice this type of case presents by far the most difficult problem for the physician. Prolonged hospitalization, followed by further observation, seemed the only sound available method, and consequently such patients were, after discharge from hospital, given light duty on shore and were re-examined after an interval of time suited to the case, often one of three months. The subsequent fate of this group is of considerable interest, because when this m-lethod is applied to the civilian population I am quite confident that it-will be here, for a variety of reasons, that the greatest clinical and administrative difficulties will be met. In Table III is presented the result of the re-examination of the first 189 such patients who had had at least three months' light duty on shore, after a first examination at which, to every available test, evidence of active disease could not be found. It will be seen that roughly one-third of the total were invalided because they had developed evidence that their lesions were, in fact, active and progressive. One-third, we felt satisfied, were examples (if inactive pulmonary tuberculosis and might safely be discharged to full duty, and in one-third we were still uncertain, and so returned them to further shore service in the same category. It will be seen that of those who broke down during this interval of time, the proportion was highest in the younger age-groups. In other words, the older a patient was who at first examination gave evidence of apparently inactive pulmonary tuberculosis the more likelv it was that his disorder would remain inactive. It may well be that, as the numbers re-examined in this category accumulate, the observed proportions will alter slightly, but I believe that the figures presented are a fair sample of what may be anticipated in this, the most difficult and perhaps the most important type of assessment confronting Us.
The incidence of calcified primary infections climbs fairly steadily from approximately 9 per thousand at the age of 17, to 20 per thousand at the age of 42 5, then remaining fairly constant. Very strict criteria of diagnosis of calcified Primary foci were used, and fluorography may fail to show many revealed radiologically, and this may account for the relatively small incidence of the lesions disclosed. It is of academic interest that though the incidence is lower the shape of the curve roughly corresponds with that of the incidence of infection as determined by tuberculin reactions for males in these age-groups. The fact that an increase in the age-incidence of calcified primary foci was found should be correlated with the fact that, as shown in Table I , an appreciable number (27), ultimately diagnosed as examples of active primary tuberculosis, wvere found in a survey of males of more than 15 years of age.
Further deductions of importance which are relevanit to our subject may be made from 5 Section of Radiology 159 these figures. Bearing in mind that the incidence of symptomless pulmonary tuberculosis increases with age, and that for each age-group the proportion with active disease is approximately 40% of those showing this lesion, and finally, that the incidence of faradvanced pulmonary tuberculosis is greater among the older examinees, it would seem probable that a greater proportion of the more significant " carriers " of this disease are to be found among the middle-aged and elderly. That this is true for the civilian population as well as for the Navy is likely, since at radiological survey both in the coloured and white populations of New York City similar findings were recorded by Edwards. It might be argued that such patients are of less importance than the young as " carriers " of the disease, because in the natural course of events they might be anticipated to die sooner. Such a conclusion is not, however, supported by available evidence. Manifestly, they show to a greater degree than the young the combination of extensive disease and the ability to lead an active life in apparent health. Furthermore, clinical experience shows that the mortality rates for those having this disease are consistently higher for both sexes in adolescence, for instance, than in the fourth and fifth decades. Lastly, the finding that the stability of apparently inactive lesions is greater among the older patients also has a possible indirect bearing upon this same concept. These patients are the tough survivors of all the army of the tuberculous, and like old soldiers they are dangerous and die hard. If, therefore, it is our aim to attempt to achieve control of this disease at the earliest possible opportunity it would seem wise to employ the diagnostic potentialities of fluorography with due regard to that section of the population in which the largest proportion of significant cases of tuberculosis are likely to be found. If this concept of the value of fluorography is accepted, its particular application to adults and older members of the population would seem likely to be productive both of a greater case yield per unit of cost, and with adequate segregation and treatment would give rise to a more important reduction in the size of the source from which the population repeatedly becomes infected. by the organism responsible for this disease. Re-examination is another matter; for, the susceptibility of the young in acquiring tuberculosis, and their greater liability to relapse after having apparently arrested its progress, are indications of the special necessity for continued observation, and this can very efficiently be performed by fluorographv. Such a procedure will furthermore lead to the identification of a greater proportion of relatively early lesions for which therapy is most likely to achieve success.
[Article abridged; acknowledgments and bibliography omitted in view of paper shortage.] Major J. Duncan White: Maj.or Kerley has carried out a survey of some five thousand Army personnel and the figures he reports of unsuspected intrathoracic disease are very akin to those given by observers in the other Services.
In Norway, under the present German domination, by a law dated April 1942, it is incumbent upon every person over the age of 15 years to submit to chest fluorography at intervals of two years; the charge for this is one krone, and the fact that the individual has complied with the law is stamped on his identity card. A wise proviso, in my opinion, is that only the State may organize these mass surveys. In the American Army men are examined prior to being enlisted, the examinations are carried out by military personnel, in most centres 4 x 5 in. stereoscopic films are used, and about 50/, of those thus examined have full-size "check-up" radiographs. The value of this sieve (from the Army's point of view) is shown by, the following figures: the annual ratio per 1,000 of admissions to hospital for pulmonary tuberculosis prior to the World War of 1914-18 was 5, during that war it rose to 12, but since then there has been a gradual decline from 4 in 1920 to 1-4 in 1940 and it is estimated that foi 1941 the figure will be of the order of 0 5. So far there does not appear to be any appreciable increases in the incidence of tuberculosis in the United States; on the other hand it is stated that about lo0. of the male population of military age have active tuberculosis and the examining medical boards are rejecting some 1-40/% of men examined on the grounds that the miniature films showv evidence of a pathological condition. A recent German broadcast gave the information that 1,300 tuberculosis advice centres are nowv in operation in that country, that nearly 2 million fluorographs have been made, and that 30,000 previously unsuspected cases of tuberculosis were thus discovered, that is 1-5% of those examined. I think that perusal of the Medical Research Council's interim report on tuberculosis in w-ar-time will force the sceptic to agree that mass chest survevs are a vital step in the direction of the earlier detection of this disease.
It has been stated that, by fluorography, we may miss minimal lesions since we are merely recording photographically the screen-image. I conceive that this may be possible but it does not follow that we must condemn the method for this reason. It is agreed that the correct procedure is that any individual, whose fluorograph is suspicious, shall be examined further b.y full-size radiograph. If he then is still suspicious radiologically he must be submitted to full clinical and bacteriological examination.
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There is an interesting paper (Crawford, J. W. (1942) Lancet (ii), 89) on pulmonary tuberculosis in men discharged from the Army because of this disease; in 300 cases of parenchymal lesions 66% 0were described as moderately advanced, 10% as advanced, and only 240% as minimal, yet all these men had been passed comparatively recentlv by the recruiting medical boards. His illustrations bear out the contention that at least three-quarters of the total number would have been rejected for service had fluorography been available soon after enlistment.
Fluorography demands films of the highest technical quality and interpretation must be done b)y a really, skilled observer. It is my opinion that each fluorographic unit should have its own team of trained workers and that this teanm should operate the unit under all circumstances. This is the only way in which a consistentlv high standard of miniature film can be ensured and, naturally the medical officer responsible for the interpretation Nvould be really experienced because of the vast numbers of film strips he would interpret. It has been found already that the more experienced the medical officer the smaller is the number of fluorographs classified as " suspicious aIid the smlaller the number of " check-ul) " full-size radiographs in consequence.
Of any large groul) of individuals examined by fluorography it is probable that some 3-50/,, will require full-size radiography; in my opinion such "check-up" exaniination should be done with the apparatus employed for fluorography, and provision for this has been made in the units now being built for the Army and for the Ministry of Health. rhese mass survevs must be conducted with the minimum of interruption of the ordinary activities of the examinees, otherwise antagonism to the scheme may arise in the minds of the education authorities, or works managers. Further, since there is no legal obligation for any individual to be examined, in order to obtain his co-operation it will be necessary to reduce any inconvenience to a minimum.
Surgeon Captain Brooks has very kindlv sent me details of the cost of running static units in the Royal Navy. The annual cost per unit is found to be £2,265, the bulk of wvhich sum is required for the payment of the team's salaries, the remainder including wear and tear, depreciation, servicing of the apparatus, and material used. Initial cost of apparatus and costs in relation to buildings utilized for the work are excluded from this estimate. The cost for each person examined is shown to be just under eightpence, and that for each abnormal case discovered _2 16s. On first sight these figures appear to be high, but surely any method of examination which helps to promote the earlier diagnosis of a lethal and infectious disease is to be encouraged.
Wing Commander R. R. Trail (.Szimmnary): The main lessons of experience to date are as follows:
(i) Economy of staff must be placed against necessity of making fullest possible use of each unit. (ii) Constant overhaul of apparatus wvorking within some 600% of its full capacity must be maintained. (iii) 1,500 to 1,800 examinations a wveek form a good average for consistent high standards. This means a static unit could do 75,000 to 100,000 examinations a year. 35-40 per 1,000 will require large films, about 20 per 1,000 clinical examination, 8 of these showing parenchymatous tuberculosis and about 3 per 1,000 requiring sanatorium beds.
How far do these broad lessons give indications on the future employment of mass radiography on a national scale ? The answer depends on inclusion of such points as: (i) Growing experience.
(ii) Review of past mass-surveys, as in Unlited States. The weekly and annual capacity of a unit is a prime consideIation for the enthusiast and the obstructionist; the former will see then the enormity of the programme; the latter that he has time to foresee his difficulties. It will take at least eighteen months to two years to establish the first 25 Ministry of Health units, which must be scattered. Each will do on an average some 30,000 examinations a vyar and require some 40 sanatorium beds.
A long-term policy for the annual review of adolescents ul) to early adult life would seem the soundest at the moment.
A central control wvith sensible decentralization is desirable. Mass radiography gives a corner-stone for the previously uncorrelated aspects of the control of tuberculosis. Control of machines and guidance on interplretation would open the wvav to a higher standard. The individual unit should work as a clinical unit on the lines of an efficient out-patient department of a chest hospital, contacting in the same way the general practitioner and specialist services, the tuberculosis officer or the cardiologist. The central bodv could collect data and give statistics of real value to public health and preventive medicine, and distribute to every unit the advances made by any individual unit.
